This paper reviews 179 patients (23 females and 156 males) with suprasacral spinal cord injury (SCI) who underwent videourodynamic evaluation to compare maximum detrusor pressure, compliance, and trabeculation with methods of bladder management, years post injury, and age_ The patients were divided into four groups based on mode of bladder management: clean intermittent catheterization (CIC), indwelling catheter (IND), external collector (EC), and voiding (V) _ Maximum pressure decreased significantly with increasing age for those using EC (P < 0.01) and CIC (P < 0.05). Maximum pressure also decreased significantly with years post-injury for patients on EC (P < 0.01) and was highest the first decade after injury and progressively decreased through the fifth decade. Post-hoc tests indicated more severe trabeculation in patients in the EC group than in either the CIC or IND groups. Age and trabeculation did not correlate in those on EC. We conclude that patients with long-standing suprasacral SCI using EC are more likely to have lower detrusor pressures than are those with less chronic SCI. This finding may reflect the effects of age as well as reduced survival in those using EC with chronically elevated detrusor pressure.
Introduction
The number of older persons with spinal cord injury (SCI) is increasing and has led to a growing interest in aging research.1-4 However, studies of the neuro pathic bladder have been primarily conducted in younger persons. Recently Perkash (1993) reviewed many potential problems of the elderly patient with SCI that may affect the bladder.5 These include benign prostatic hyperplasia, cancer of the prostate and bladder, other neurological disorders, diabetes mel litus, obesity, and congestive heart failure. These conditions can render the current bladder management inappropriate, In addition to medical conditions per se, medications used to treat certain conditions also affect urinary output and function. Only a few studies have addressed the older person with SCI, or those aging with SC1.6-8 Madersbacher and Oberwalder (1987) studied 26 subjects who had a spinal cord injury after the age of 60 and concluded that age makes bladder rehabilitation more difficult because of the decreased ability of the elderly to cope with the new situation, because of pre-existing conditions such as prostatic enlargement in men and cystocele in women, and because of a delayed and sometimes weak detrusor reflex.8 They also studied 29 subjects over the age of 60 with a spinal cord injury for more than 20 years and found a high percentage of secondary structural changes due to persisting functional outflow obstruc tion, However, no urodynamic data were described. The purpose of this study was to determine what urodynamic changes occur in the lower urinary tract in relationship to age, duration of injury and bladder management in patients with SCI.
Method

Subjects
Subjects were 179 patients (23 female, 156 male) with suprasacral SCI. Twelve patients had high tetraplegia (CI-4); 100 patients had levels of C5-8; and 67 patients had levels of Tl-L2. The patients were divided into four groups based on the predominant mode of bladder management just prior to or at the time of study: clean intermittent catheterization (CIC), indwel ling catheter (IND), external collector (EC), and voiding without using any form of catheter (V), The CIC group consisted of 74 patients with a mean age of 34 years (range 16-70); the IND group consisted of 30 patients with a mean age of 41 years (range 19-77); the EC group consisted of 62 patients with a mean age of 37 years (range 18-79); and the V group consisted of 13 patients with a mean age of 36 years (range 18-56). With regard to completeness of the lesions, 89% of the CIC group, 77% of the IND group, 86% of the EC group, and 46% of the V group were complete. The remainder in each group were incomplete. The mean years post-injury for patients in each group is shown in Table 1 . Reasons for urodynamic evaluation were routine evalu ation, recurrent septic episodes, autonomic dysreflexia, failure to empty adequately, and incontinence. Some patients with SCI for 20 years or more were recruited for urodynamics as part of a long-term study. Patients were requested to discontinue any anticholinergic medication at least 72 h prior to study, and none had symptomatic urinary tract infection at the time of the study.
Definitions
Maximum pressure was defined as the peak detrusor pressure (bladder pressure minus abdominal pressure) in cm H20 recorded during urodynamics, usually associated with a bladder contraction. If no contraction was present, the baseline pressure rise due to bladder compliance gave maximum pressure. Capacity was defined as the maximum volume reached before a detrusor contraction, leakage of urine, a sensation of fullness, autonomic dysreflexia, or 600cc if none of the former events occurred. Compliance was defined as the ratio of the change in bladder volume to the associated change in baseline pressure determined at capacity. If a bladder contraction occurred, the pressure recorded just prior to the contraction was used. Trabeculation was clinically graded on a 4 point scale with 0 indicat ing no trabeculation, 1 indicating mild trabeculation, 2 indicating moderate trabeculation, and 3 indicating severe trabeculation.
Data analysis
Analysis of variance (ANOV A) was used to compare maximum pressure, compliance, and trabeculation across method of bladder management, years post injury, and age: Additionally, a Pearson correlation matrix was computed for maximum pressure, trabecu lation, compliance, years post-injury, and age. vealed significant differences between management groups [F(3,175) = 3.76, P < 0.01]. A post-hoc Tukey HSD multiple comparison indicated that maximum pressure for those using IND was significantly less than for those using EC or V. Maximum pressure decreased significantly with increasing age for those using EC (r = -0.32, P < 0.01) and CIC (r = -0.24, P < 0.05). Maximum pressure decreased significantly with years post-injury for patients on EC (r = -0.40, P < 0.01) (Figure 1 ), but not for patients on CIC, IND, or V (P > 0.05). For those on EC, maximum pressure was highest the first decade after injury and progressively decreased through the fifth decade (see Figure 1 ). o  5  10  15  20  25  30  35  40  45 Number of years post-injury Figure 1 Years post-injury vs maximum pressure for pa tients using EC Urodynamic urinary changes in relation to age DO Cardenas et al and trabeculation was significant only for patients on CIC (r = 0.29, P < 0.05).
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Discussion
Although it would have been ideal to compare the age changes in the SCI population with age and sex-matched cohorts, this would be a very extensive prospective study considering the size of our patient group. We did, however, compare our data with age changes in symptomatic and asymptomatic groups reported in the literature. Age-related changes in the normal bladder have been described with detrusor hyperactivity with impaired contractile function, the second most common cause of incontinence in 30 un selected nursing home patients, the majority of whom were women.9 Detrusor instability and urge incontinence in the male geriatric population may be an age-associated phenomenon and not secondary to obstruction.lO Clinically, in the non-SCI population frequency, urgency, and incontinence are common in the elderly as are poorly sustained contractions result ing in incomplete emptying with voiding. Some women may have incontinence related to impaired sphincter activity or stress incontinence. There appears to be little information on normal bladder pressures in otherwise asymptomatic elderly males except a study by Spangberg et al found mean maximum voiding detrusor pressures of 121 cm H20 in elderly male volunteers who claimed to have normal voiding patterns.11,1 2 In the SCI popula tion, studies generally combine age groups, duration of spinal cord injury, and method of bladder manage ment, but in one study of chronic SCI, 20 patients at least 20 years post-injury underwent urodynamic evalu ation and showed a mean total bladder capacity of 350cc, with 55 cm H20 mean maximum voiding pres sure (range 30-120 cm H20),6 Thus, from the few studies in asymptomatic elderly males maximum detru sor pressures appear to be higher than in elderly SCI patients.
The results of experimental studies on the aging bladder have been inconsistent. Some have suggested that age changes are related primarily to changes in neuronal innervation and central control of micturition rather than alterations in bladder contractility. 13 Other authors have shown changes in cholinergic receptor density on the bladder base of a rat ' s bladder. 14 The patients in this study were not studied on anticholiner gics except in a few cases and thus represented the effects of a neurologic lesion above the sacral cord as well as age and duration of injury. The effect of any changes in cognitive function which may have affected bladder function or the patient ' s ability to perform a specific bladder program were not determined in this study.
This study examined the changes in the lower tract in subjects with suprasacral SCI and revealed some interesting findings: (1) older patients on CIC and EC had lower maximum bladder pressures than younger patients; (2) maximum pressure decreased with years post-injury for those on EC; (3) age and trabeculation did not correlate in those on EC; and (4) years post-injury correlated with severity of trabeculation in those on CIC, although age did not. The reason for the finding that older patients had lower bladder pressure may be that older patients are more likely to comply with chronic anticholinergic medication which could lead to greater bladder capacity in those on CIC, and older patients on an external collector may have better acceptance of treatment for outflow obstruction. Another possible reason is, of course, the natural aging processes that may lessen the overall strength of the detrusor contraction. This relative hypo contractility has been described in elderly patients with incontinence and incomplete emptying, but, on the contrary, asymptomatic elderly males have increased voiding detrusor pressure.9,1 2
The finding of more severe trabeculation in those on EC is what one might expect; however, age was not correlated to trabeculation for those on EC and thus does not appear to be the reason for this finding. In a prior study, we reported a trend of increased trabecula tion with ageY However, the increasing age of those who incur a spinal injury may be changing this relationship.
Although we are not advocating indwelling catheter management in SCI patients, maximum pressure and trabeculation were less with this method of manage ment and although capacity and compliance were worse, these may have been reversible changes secon dary to the collapsed bladder status. Also upper tract changes on IND do not seem to be as prevalent as in the past so perhaps a well managed IND is preferable to a poorly managed EC or CIC program. 6, 7 Perhaps the most important finding of this study is that patients with long-term suprasacral SCI using an external collector were more likely to have lower bladder pressures than those with less chronic SCI. Whether those with persistent high pressures fail to survive as long as those with lower pressure can not be determined by the cross-sectional nature of our study, Urodynamic urinary changes in relation to age DO Cardenas et a/ but may account in part for this finding as may the effects of age. The interplay of the spinal cord lesion, age, and other associated conditions with method of bladder management poses a complex problem that warrants further research.
